ABSTRACT
Introduction
There is a general interest in society to understand the importance of family background for individual achievement. In particular, social scientists have long been interested in exploring the intergenerational relationship between parents' and offspring's outcomes, such as their educational attainment or income. These studies are motivated by the aim to assess the degree of equality of opportunity in a society. Family background, broadly defined, represents circumstances that members of the offspring generation cannot be held accountable for, hence a strong dependence of individual outcomes on family background implies low equality of opportunity (cf. Roemer, 1998) .
Though the concept of intergenerational mobility is certainly a meaningful one, the major limitation of traditional parent-offspring associations is that they are based on one single characteristic of the family. However, family background has an impact on children in many ways that cannot be picked up by one single variable.
1 An alternative approach to measure the importance of family background is to investigate the sibling correlation in economic outcomes. A sibling correlation can be interpreted as the fraction of the total variation in an outcome that can be attributed to factors shared by siblings. As such, sibling correlations provide a broad measure of the overall importance of family and community background.
Estimates of sibling correlations in educational outcomes, which are the focus of this paper, have centered around 0.5 to 0.6 for the US and 0.4 for Norway and Sweden. This suggests that even in the Nordic countries, which are characterized by an extensive welfare state and a long history of offering free post-secondary and higher education, 40 percent of the variation in educational outcomes can be attributed to family background. In our study, we focus on Denmark, a country that has been shown to rank at the top of the educational mobility scale.
2,3 Basically, we are interested in whether in a high-mobility country such as Denmark, inequalities in educational outcomes still exist. Although sibling correlations give us an estimate of how much of the variation in educational outcomes can be attributed to family and community background, they do not tell us anything about which background characteristics matter for children's educational achievement. Björklund and Jäntti (2012) compare the sibling correlation in years of schooling with the respective intergenerational correlation between children's and parents' education and find that siblings share much more than their parents' education. Hence, if parental education is not the main driver of educational inequalities, what exactly is it 1 See Björklund and Jäntti (2012) for a more extensive discussion of the limitations of traditional analysis of intergenerational mobility.
2 In a cross-country comparison of the intergenerational correlation in years of schooling across 42 nations, among them 13 Western countries, Hertz et al. (2007) find Denmark to possess the highest level of intergenerational educational mobility among the Western countries, and one of the highest levels across the world.
3 Basic information on the Danish institutional setting and educational system is given in Appendix A.
1 that makes siblings similar in terms of their educational achievement? One hypothesis is that because most siblings grow up in the same neighborhood, this could explain part of the sibling similarity. However, recent studies for the US, the UK, and Sweden suggest that neighborhood characteristics are of minor relevance in explaining the sibling resemblance in educational outcomes. Hence, there must be something within the family that accounts for the relatively high sibling correlation in educational achievement. Obviously, parents influence their children via several channels beyond parental education: investments in their children's education, transmission of cultural values, attitudes, or social skills, and genetic endowments are all possible candidates. Moreover, in addition to the investment decisions and endowments of the parents, family members beyond the parental generation, such as grandparents, may influence the economic position of the child generation. From an equality-of-opportunity perspective, it is crucial to understand what it is that is so important about family background. A major aim of our paper is therefore to shed light on which family background characteristics are able to explain the sibling resemblance in educational outcomes.
Our contributions to the literature are manifold: First, we provide first evidence on sibling similarities in educational outcomes for Denmark, adding upon previous literature for the US, the UK, and other Scandinavian countries. Second, we are the first to investigate whether family background is more important for obtaining an upper secondary educational degree or a tertiary educational degree, gaining insights into whether educational inequality increases or decreases at higher stages of the educational system. Lastly, we are the first to decompose the sibling correlation in educational outcomes in factors attributable to family and community characteristics, thereby considering a wide range of background characteristics, including parents' socio-economic status, cognitive skills and attitudes, as well as the role of grandparents and the neighborhood.
For a sample of children born between 1968 and 1984 in Denmark, we find sibling correlations in educational outcomes in the range of 15 to 33 percent, suggesting that up to a third of the variation in these outcomes can be explained by family and community background. For both brothers and sisters, family background is found to be more important for obtaining a tertiary educational degree than for obtaining an upper secondary degree, which suggests that educational inequality is higher at the top of the educational distribution. A decomposition of the sibling correlation reveals that parents' socio-economic status can explain up to 44 percent of the sibling correlation in educational outcomes. On top of that, only a few other family characteristics, such as the structure of the family, the incidence of social problems as well as parents' educational preferences, play a role, though these factors only contribute to explaining sibling similarities in the completion of upper secondary education.
The outline of the paper is as follows. In Section 2, we summarize previous literature on the role of family background in economic outcomes. In Section 3, we explain our econometric approach to estimate and decompose the sibling correlations and in Section 4, we describe the data and main variables used in our empirical analysis. The results of our analysis are presented in Section 5 and Section 6 concludes.
Literature
A long literature in sociology and economics has aimed to estimate the importance of family background for children's future economic success. Most of this research has focused on the intergenerational relationship between parents' and offspring's outcomes. 4 Beginning with the study of Corcoran et al. (1976) , researchers started to examine the sibling correlation as an alternative approach to measuring the importance of family background. While intergenerational correlations in economic outcomes measure the relationship between parents' and offspring's economic success based on one single characteristic (e.g., years of education or earnings), sibling correlations in such outcomes provide a much broader measure of the role of family background for these outcomes. Measures of sibling similarity take into account not only the influence of the observed parental resource used in the intergenerational mobility analysis, but also all other unobserved factors that are shared by siblings and uncorrelated with the parental resource. Traditional studies of intergenerational associations in economic outcomes are therefore likely to study only "the tip of the iceberg" (Björklund and Jäntti, 2012, p. 471) .
The majority of studies investigating sibling correlations in economic outcomes focus on investigations of sibling (or brother) correlations in permanent earnings or income. For the US, Solon et al. (1991) , Levine and Mazumder (2007) , and Mazumder (2008) find brother correlations in permanent earnings of about 0.45 to 0.50. Results for other countries as well as cross-country comparisons of sibling correlations in earnings (see, e.g., Björklund et al., 2002; Schnitzlein, 2014) reveal that these estimates are of about the same size in Germany, while they are much lower in the Scandinavian countries. For Denmark, Schnitzlein (2014) estimates the sibling correlation in permanent earnings to be around 20 percent for both brothers and sisters, which is comparable with previous estimates for Finland (Österbacka, 2001; Björklund et al., 2002) , Norway (Björklund et al., 2002) and Sweden (Björklund et al., 2002 , 2010 Björklund and Jäntti, 2012) .
With respect to years of schooling and other educational outcomes, sibling correlations are usually found to be higher than the respective correlations in income or earnings.
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For the US, Solon et al. (2000) and Mazumder (2008) estimate the sibling correlation in years of education to lie in the range of 0.5 to 0.6, suggesting that more than half of the variation in educational attainment in the US can be explained by family and community factors. Looking at test scores, Mazumder (2008 Mazumder ( , 2011 and Nicoletti and Rabe (2013) find similar results for the US and the UK, respectively. Slightly smaller sibling correlations in years of education are found for the Netherlands and West Germany (Sieben et al., 2001) . Again, economic inequality is lower in the Scandinavian countries: For Sweden, Björklund and Jäntti (2012) find an overall sibling correlation in years of schooling of 0.44, while the correlation is slightly higher for brothers (0.46) than for sisters (0.40). Raaum et al. (2006) and Lindahl (2011) obtain similar results using data for Norway and Sweden, respectively.
Only a few studies have tried to gain insights into which family and community factors drive the sibling correlation in economic outcomes. A part of the literature compares the sibling correlation in economic outcomes with the respective correlation in this outcome among neighboring children in order to impose a lower bound on the role of family background as opposed to neighbor and community effects for children's outcomes. 6 In general, these studies find a small role for neighborhoods in explaining sibling correlations in educational or economic outcomes. For instance, Lindahl (2011) finds brother and sister correlations in years of education of about 0.40, while the respective neighbor correlations are much smaller: 0.02 for males and 0.01 for females when basic family background characteristics (parental income and education) are accounted for. Mazumder (2008) is the first to systematically decompose sibling correlations in economic outcomes into factors attributable to siblings' human capital, physical characteristics, socially deviant behaviors and psychological characteristics, such as self esteem. He finds that human capital can explain 50 percent or more of the brother correlation in wages and earnings, while non-cognitive measures such as deviant behavior and psychological characteristics can account for around 20 percent of these correlations. While Mazumder (2008) is mainly interested in identifying the underlying channels through which family and community affect children's future economic outcomes, Björklund et al. (2010) employ Mazumder's decomposition approach to investigate which specific characteristics of the parents are important for sibling similarities in long-run income. Using data on a sample of children born in 1953 who lived in the Stockholm metropolitan area in 1963, the authors find that parents' socio-economic status, as measured by parental education, income, as well as father's occupation, can only account for 13 percent (sisters) and 28 percent (brothers) of the raw sibling correlation in long-run income.
7 They further show that the explanatory power of the family characteristics rises to 58 percent for sisters and 71 percent for brothers when indicators of parents' involvement in schoolwork and parental attitudes are added, suggesting that parental characteristics beyond parents' socio-economic status play a role for sibling similarities in long-run income.
In this paper, we contribute to the above literature in several ways: First, we add upon previous literature for the US and some European countries and provide first evidence on sibling similarities in educational outcomes for Denmark. In doing so, we go beyond the traditional analysis of years of schooling as an outcome variable, but explicitly investigate whether the role of family background varies over different stages of the educational system. Lastly, we are the first to apply a decomposition analysis as proposed by Mazumder (2008) to decompose the sibling correlation in educational outcomes in factors attributable to family and community characteristics. By making use of a combination of rich Danish survey and register data, we are able to consider a wide range of background characteristics, including parents' socio-economic status, cognitive skills and attitudes, as well as the role of grandparents and the neighborhood.
Empirical Model and Estimation
The following statistical framework based on Solon et al. (1991) is used to measure the sibling correlation in educational outcomes. Each educational outcome (e.g., years of education) is denoted by y ij , where j indexes siblings and i indexes families. The model for each outcome is then:
where µ is the population mean and ij is the residual. The latter can be decomposed into a permanent component common to all siblings in the family, a i , and a permanent component that is individual-specific, b ij , which captures individual deviations from the family component. Both a i and b ij are treated as random effects that are assumed to be independent of each other. The variance of y ij is then simply:
The first term, σ 2 a , captures the variance in educational outcomes that is due to differences between families, whereas the second term, σ 2 b , captures the variance in educational outcomes within families. These two components are then used to calculate the correlation in permanent outcomes between siblings, ρ:
This is also equivalent to the fraction of the overall variance in educational outcomes that is due to shared family and community background. A sibling correlation can thus be thought of as an omnibus measure of the importance of family background and community effects. It includes the variance of anything shared by siblings, such as (observed and unobserved) parental resources and influences, e.g., parents' education and income, their cognitive and non-cognitive skills as well as their preferences and aspirations. Moreover, it captures things not directly related to the parents, such as school and neighborhood effects as well as the influence of other family members, e.g., the siblings' grandparents. However, there are also factors related to family and community background that are not captured by the sibling correlation, such as genetic traits not shared by siblings, differential treatment of siblings, and changes across time in the family, neighborhoods and schools. Therefore, the sibling correlation is a lower-bound measure of the importance of such factors.
Following, amongst others, Mazumder (2008 , 2011 ), Björklund et al. (2010 ), and Lindahl (2011 , the variance components that are needed to calculate the sibling correlation are estimated using restricted maximum likelihood (REML).
8 The standard errors of the sibling correlations are calculated using the delta method.
To understand how different observable characteristics (e.g., parental education or income) influence the sibling correlation in educational outcomes, we follow the method developed by Mazumder (2008) and augment equation (1) with the vector X ij , which contains different variables depending on the specification. These variables are treated as fixed effects in the REML framework and should reduce the residual variation in the outcome variable. Hence, adding the control variables X ij to the model should produce lower estimates of the family component (σ 2 * a ) and the sibling correlation (ρ * ) than what was found without their inclusion. The relative difference between the two sibling correlations, ∆ * = (ρ − ρ * )/ρ, can then be interpreted as an estimate of the fraction of the overall sibling correlation that can be attributed to the specific factors in question. This provides an upper-bound estimate of the causal effect because it includes all omitted factors that are also correlated with the included fixed effects. For example, the reduction in ρ due to the inclusion of parents' education would be comprised of both the direct effect of parents' education on children's education as well as any omitted factors that are correlated with parents' education and influence children's educational outcomes (e.g., parents' cognitive skills or preferences). Implementing this approach for a wide variety of possible explanatory variables, either by including them one at a time or by including them simultaneously, should tell us something about which family background characteristics are critical to explaining the sibling correlation in educational outcomes. Following Björklund et al. (2010) , we start with adding basic individual and parental characteristics (i.e., parental education, occupation, and income) to our model to see how 8 REML has been shown to be superior to other estimation methods (as, e.g., ANOVA formulas) when the data are unbalanced, which is the case in our study because of varying family sizes. A drawback of using REML is that the error components a and b must be assumed to be normally distributed. For years of education this may be less problematic, but for our binary outcome variables the normality assumption may be more suspect. We therefore checked the robustness of our results by using ANOVA formulas instead of REML to calculate the error components, which did not change our results substantially. This is in accordance with the results of Mazumder (2008 , 2011 ), Lindahl (2011 , and Nicoletti and Rabe (2013) , who find that the results based on REML are similar to those of other estimation methods. much standard measures of parental socio-economic background can add to explaining the sibling correlation in educational outcomes. Our main question, though, is which family characteristics beyond parents' socio-economic status are able to explain the sibling resemblance in educational outcomes. To answer this question, we then take the sibling correlation obtained from the model controlling for parents' socio-economic background, ρ * , as our new baseline correlation and subsequently add new variables to the vector X ij . The relative difference between this new sibling correlation ρ * * and ρ * then gives us an estimate of the additional contribution of these family characteristics to the sibling correlation once parents' socio-economic status is already controlled for.
9 Such an analysis is not only interesting in itself, but also reduces the problem of unobserved heterogeneity accruing from the fact that many family background characteristics (e.g., parents' cognitive skills) might be highly correlated with parents' socio-economic background. Therefore, they might mainly capture the indirect effect of parents' economic status on children's outcomes.
10 Nonetheless, we can not rule out that unobserved heterogeneity is still a problem in our analysis. The obtained estimates should therefore still be interpreted as upper-bound measures of the importance of the respective family characteristics for the sibling resemblance in educational outcomes. 1970, 1971, 1973, 1976, 1992, 2001 , and finally 9 The additional contribution is calculated as
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Data Sources and Sample
. 10 Our approach thus differs from Björklund et al. (2010) in that we explicitly look at the additional contribution of non-economic aspects of family background, while Björklund et al. (2010) are mostly interested in the overall contribution of economic and non-economic factors to the sibling correlation.
11 We use the "Cumulative 1968-2004 File (version 2)" of the DLSY data. For a technical report of these data, see Jaeger (2015) .
in 2004 when they were around 50 years old.
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The DLSY respondents constitute our index generation, which is the second generation included in the DLSY data. We then extend the survey data in several ways. By making use of parental identifiers in the Danish register data, we first identify all biological children of the DLSY respondents (born between 1968 and 2012), which constitute our sibling sample.
13 In doing so, our sibling sample includes both multiples and singletons, the latter being useful for calculating the individual error component. 14 We then identify the second biological parent of these children, i.e., the (former) spouse of the DLSY respondent. Following most of the previous literature (e.g., Björklund et al., 2009; Björklund and Jäntti, 2012; Mazumder, 2008) , we then restrict our sample to siblings having the same biological mother and father. In looking at children's completed education, we further have to restrict the sample to those individuals who are old enough to have completed their educational track at the end of our observation window. Hence, we restrict the sample to individuals aged 28 and older in 2012, the age at which the vast majority of individuals in Denmark has entered the labor market. This leaves us with a final sample of 3,087 children, born between 1968 and 1984, of 1,934 parents.
It is important to note that while our index generation is nationally representative of all 7th grade pupils in 1968 (and therefore roughly representative of the 1954 birth cohort), our sample of children of these parents is not representative of the Danish population. In particular, the fact that our sibling sample consists of children born to members of the 1954 birth cohort creates a potential selectivity with respect to the parents' age at birth. By restricting our sample to children born before 1984, we have to exclude all children born to the initial DLSY respondents after the age of 30. This has two main consequences: First, our sample of children is likely to be negatively selected among all children of the respective birth cohort, as we observe children born to individuals who became parents relatively early in life. Second, first-and second-born children should be over-represented in our sample, while children of higher birth order are more likely to be excluded from our sample due to the described age restriction. While it is hard to tell how this potential selectivity may affect our estimation results, a comparison of our sibling sample to a representative sample of children that are not born to a specific birth cohort 12 Over the 36 years of data collection, the response rates in the DLSY have consistently remained very high. In the latest 2004 survey around 76 percent of the original 3,151 sample members were successfully interviewed. The drop in response rates over the period is partially due to respondents moving out of the country or dying. However, since the DLSY data can be linked with register data from Statistics Denmark, a considerable amount of information exists for all 3,151 original sample members even though they have dropped out of the DLSY survey.
13 We do not impose any restriction on the age difference between the siblings. However, restricting the sample to children born to the initial DLSY respondents before the age of 30 (see discussion below) actually imposes a natural bound to the spacing of the siblings. In fact, the maximum age difference between the siblings in our sample is 12 years. Restricting the maximum age difference to 8 years does not change our results significantly.
14 By including singletons in the analysis, we follow Mazumder (2008 , 2011 ). Mazumder (2008 also shows that including singletons has little effect on the estimated sibling correlations. 8 reveals that selectivity is not a major concern in our analysis (see Appendix B).
Measures of Educational Attainment and Family Background
To measure children's educational success, we consider three different outcome variables obtained from the register of the level of education maintained by Statistics Denmark. Our first outcome measure is the years of schooling of the highest completed education, which range from 9 years, the compulsory schooling grade, to 21 years for individuals holding a PhD degree. In order to be able to answer whether family background is more important at the bottom or at the top of the educational ladder, we define two further outcomes: (i) a variable that takes value 1 if the individual has completed upper secondary education and (ii) a variable that takes value 1 if the individual has completed tertiary education. All outcome measures are observed in 2012, the latest year of observation in the educational registers.
Our basic control variables at both the sibling and the parental level come from the Danish population and employment registers. In 1980, Denmark was the first country to conduct a totally register-based census, hence most variables are available from 1980 onwards (i.e., till 2012, the year of observation of our outcome variables). At the sibling level, we control for gender, age (and its square) as well as birth order, which has been shown to be highly relevant for children's educational outcomes. (e.g., Black et al., 2005; Björklund and Jäntti, 2012) At the parental level, our main control variables are measures of parents' socioeconomic background, i.e., both parents' education, occupation, and income. Similarly to our outcome variable, parents' education is defined as mother's and father's completed years of education. Our measure of parents' occupation is a mixture of their labor force status and their occupational status over the period 1980 to 2012. For each year within this period, we observe parents' main economic status distinguishing between the self-employed, white-collar workers, blue-collar workers, other workers (not specified), the unemployed, and those out of the labor force. The predominant status over the 32 year period is then taken as our measure of parents' occupation.
15 Lastly, we control for both parents' logarithm of average income over the period 1980 to 2012.
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The variables described above serve as our main control variables. One aim of this paper, however, is to investigate which family background characteristics beyond parents' socio-economic status are crucial for children's educational success and are thus able to explain the sibling resemblance in educational outcomes. In order to answer this question, we make use of the rich information on family background available in both the register and the survey data by defining a large set of further control variables which are potentially relevant for children's educational outcomes.
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As argued by Björklund et al. (2010) , both the structure of the family and the incidence of social or health problems should be strong predictors of children's later-life outcomes. We measure family structure by using information on mother's age at first birth, the number of siblings and whether the child lived with both parents until the age of 16, all of which is obtained from the registers. Social problems is measured by several different variables. These include indicators for whether the mother or the father died before age 16, for whether the mother or the father was ever convicted of a crime, and if so, whether this was followed by imprisonment, as well as the share of days the mother and father received any social assistance between 1984 and 2007, the period for which this information is available in the registers. Lastly, we use information on the respondent's self-rated health status from the 1992 wave of the DLSY.
Another important determinant of children's skill formation and thus their educational success is the parental stock of cognitive and non-cognitive skills, which influences children's educational outcomes both directly, through the genetic endowment transmitted from the parents to the children, and indirectly, through parental investments in children's human capital (Becker and Tomes, 1979, 1986) . As a measure of parents' cognitive skills, we use the scores of the 3-dimensional (verbal, spatial, inductive) intelligence test the DLSY respondents took part in during the first interview, i.e., when they were around 14 years old. In addition to cognitive skills, economic research emphasizes that non-cognitive skills or personality traits are important determinants of individual labor market outcomes (e.g., Heckman et al., 2006) , and that these traits are intergenerationally transmitted from the parents to their children (e.g., Anger and Schnitzlein, 2016) . While the DLSY data do not contain any direct measures of non-cognitive skills, such as measures of the "Big Five" or of locus of control, we use them to create a measure of parents' ability to plan for the future. This is obtained from the respondents' statements to different questions, such as "No reason to think too much about the future" or "Better to save money for the future", which they were asked at age 14, 22 and 38.
Children's human capital is further influenced by different types of family values, i.e., attitudes and preferences, which are transmitted from parents to their children both genetically (cf. Cesarini et al., 2009a,b) and through a process of learning. The most important family values that are relevant in our context are parents' educational preferences, which might have explanatory power for children's educational outcomes even beyond the effect of parents' education and income. We proxy the educational preferences of the parents by different questions asked in the DLSY survey, among them questions on whether the respondents like school at age 14, on their preferred years of compulsory schooling at age 19 as well as various questions regarding the respondents' evaluation of the importance of schooling and education asked at different ages.
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While there are various ways through which parental characteristics can influence children's educational outcomes, more distant family members than the parents might also have an influence on children's human capital. In particular, grandparents often take an active part in the upbringing of their grandchildren and children might receive extra benefits from having well-positioned grandparents, irrespective of where their own parents stand in social hierarchies (Mare, 2011) . We aim to assess the degree to which grandparents account for the sibling resemblance in educational outcomes by including information on grandparents' socio-economic status. In our context, the most relevant characteristic of the grandparents is their educational attainment, information on which is obtained from both the register and the survey data.
19 In the 1969 survey, the parents of the DLSY respondents were further asked about their main current occupation and their taxable annual income in the two years preceding the survey. This information on the education, occupation, and income of the first generation represents our measure of grandparents' socio-economic status.
Results
Raw Sibling Correlations in Educational Outcomes
The basic estimates of sibling correlations in our three educational outcomes are shown in Figure 1 . 20 Starting with the outcomes for mixed sexes, we find a sibling correlation of 0.33 for our years of education variable, suggesting that about a third of the variation in years of education can be explained by family and community background. This estimate is somewhat lower than previous estimates for Norway and Sweden, centering around 0.4 (cf. Raaum et al., 2006; Lindahl, 2011; Björklund and Jäntti, 2012) . This supports the finding of Hertz et al. (2007) , who -based on intergenerational correlations in years of education -find Denmark to possess the highest level of intergenerational educational mobility among the Western countries, including Finland, Norway and Sweden. Considering only same-sex siblings, we find a correlation in years of schooling of 31 percent for brothers and 39 percent for sisters, though the difference between the estimates is not statistically significant. This is in line with the results of Lindahl (2011) and Björklund and Jäntti (2012) , who also find very small gender differences in sibling correlations in years of education for Sweden. Turning to our other outcome variables, we find a sibling correlation of 0.15 for the completion of upper secondary education and a correlation of 0.30 for the completion of tertiary education, suggesting that family background is twice as important for obtaining a higher educational degree than for obtaining a basic one. Both estimates are slightly higher for same-sex siblings, but of about a similar size for brothers and for sisters.
Summing up, we find sibling correlations in educational outcomes for Denmark that lie in the range of 0.15 to 0.39. Though these estimates are lower than comparable estimates for other Scandinavian countries and especially for the US (cf. Mazumder, 2008) , they are still of a considerable magnitude. This is especially true if one considers that sibling correlations are lower-bound estimates of the overall importance of family and community background, because there are also factors attributable to the family that are not shared by siblings, such as differences in genes or a differential treatment of the siblings. While the above results are raw estimates that do not account for any individual or family background characteristics whatsoever, we now start to add control variables to our specification in order to explain which family characteristics make siblings similar in terms of their educational outcomes. Table 1 shows our estimates of the sibling correlations for mixed siblings when basic individual characteristics as well as indicators for mothers' and fathers' socio-economic background are (subsequently) added. For each of the three outcomes considered, we report both the estimated sibling correlation (column 1) and the percentage decrease in the sibling correlation due to adding the respective covariates (column 2). The latter statistic can be interpreted as an upper-bound measure of the contribution of the considered background characteristics to the sibling correlation in educational outcomes.
The Contribution of Parents' Socio-economic Status
The second row displays the results when only some basic individual characteristics of the siblings (age, gender, and birth order) are controlled for. The estimated sibling correlations are somewhat smaller than the raw correlations (row 1), but overall adding individual controls does not alter the results substantially. This is not surprising, given that controlling for individual characteristics should mainly sob up some of the residual variation previously captured by the individual component rather than by the family component.
21
In the next step, we separately add different indicators for parents' socio-economic status, starting with controls for mother's education, occupation, and income (rows 3 to 5). Considering siblings' years of education, mother's education and occupation each can explain around 15 percent of the sibling correlation, while mother's income seems to be of less relevance (8 percent). The contribution of mother's background characteristics to the sibling correlation, however, varies over the stages of the educational system. It turns out that mother's occupation is able to explain a large part of the sibling correlation in completing upper secondary education (23 percent), while mother's education is relatively more important for obtaining a tertiary educational degree (15 percent). A look at the full estimation results displayed in Table C2 reveals that with respect to mother's occupation, having an unemployed or non-participating mother seems to be most harmful for completing upper secondary education. Overall, mother's socio-economic status is able to explain 20 to 25 percent of the sibling similarity in educational outcomes (row 6).
Turning to the estimation results for father's socio-economic status (rows 7 to 10), we find similar results as for mother's socio-economic status. Among the background characteristics considered, father's education and occupation seem to be most relevant for explaining the sibling resemblance in educational outcomes, while the latter is again most important for obtaining an upper secondary degree. Father's income, on the other hand, is not able to explain more than 11 percent of the sibling correlation. Overall, father's socio-economic status can account for up to 27 percent of the sibling correlation in educational outcomes (row 10). Hence, mother's and father's socio-economic backgrounds seem to be about equally relevant for children's educational outcomes.
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In the last step, we add mother's and father's background characteristics simultaneously. First, we only include mother's and father's years of education (row 11), i.e., we look at the intergenerational correlation between parents' and children's education. Our results reveal that these factors alone are only able to explain between 16 and 24 percent of the sibling correlation in educational outcomes. Hence, there seems to be much more than parental education that is responsible for inequalities in educational outcomes. This supports our notion (and that of other researchers) that intergenerational relationships between parents' and children's outcomes are likely to only capture the "tip of the iceberg" (Björklund and Jäntti, 2012) .
In the last row of Table 1 , we control for both mother's and father's socio-economic status. The results reveal that parental socio-economic background is able to explain about a third of the sibling correlation in years of education. The explanatory power of parents' background characteristics, however, is much higher for the completion of an upper secondary degree (44 percent) than for the completion of a tertiary degree (29 percent). This finding is in line with Landersø and Heckman (2016) , who compare educational mobility between Denmark and the US and find that parental background, as measured by parents' income and wealth, is more strongly correlated with children's high school completion in Denmark than in the US, while no such difference is found for children's college attendance.
In Table 2 , we have conducted the same analysis separately for brothers and sisters.
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The results reveal that there are indeed some differences between the genders. With respect to the completion of upper secondary education, we find that mother's occupation and also her income are most relevant for explaining brother correlations in this outcome, while they are less relevant for sisters. On the other hand, father's occupation and income are more important for girls than for boys. For both genders, parents' education does hardly show any explanatory power for the sibling similarity in completing upper secondary education. Especially mother's years of education, however, are an important predictor of inequalities in the completion of tertiary education of girls. Overall, we find that parents' socio-economic status is more relevant for brothers regarding the completion of upper secondary education and more relevant for sisters regarding the completion of tertiary education.
The above results show that parental socio-economic status is a major determinant of inequalities in educational outcomes, especially of inequalities in obtaining a high school or vocational education degree. However, our results also reveal that the dominating part of the sibling correlations in these outcomes cannot be explained by parents' education, occupation, or income. Hence, there must be something more than parents' socio-economic status that drives the sibling similarity in educational outcomes.
The Contribution of Other Family Characteristics
In the next step, we therefore add further, potentially relevant family background characteristics to our model, which might be able to explain the sibling resemblance in educational outcomes.
24 As we are interested in the additional contribution of these family characteristics to the sibling correlation once parents' socio-economic status is already controlled for, the sibling correlation obtained from the model controlling for parents' socio-economic background (last row of Table 1 ) serves as our new baseline correlation.
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As is evident from Table 3 , indicators of the structure of the family, i.e., mother's age at first birth, the number of siblings and whether the child grew up with both parents, are able 23 Full estimation results are shown in Table C3 . 24 Note that the reduced sample size for at least part of these analyses precludes us from conducting our analysis separately for boys and girls.
25 Table C4 shows the respective results not conditioning on parents' socio-economic background. Full estimation results are shown in Tables C5 to C10. to explain another 8 percent of the variation in siblings' years of education. Considering the different stages of the educational system, it further turns out that family structure is able to explain a large part of the sibling correlation in completing upper secondary education (15 percent), while it is hardly relevant for obtaining a tertiary educational degree (3 percent). A similar picture emerges when including proxies for social problems, i.e., for whether one of the parents died or was convicted of a crime, their social assistance receipt, and their health status. Conditional on parents' socio-economic status, social problems account for about another 19 percent of the sibling correlation in completing upper secondary education, but have no explanatory power for obtaining a tertiary degree. This reveals that inequalities in the completion of a lower educational degree cannot only be attributed to parents' socio-economic status, but that the structure of the family and the incidence of social problems also play an important role.
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Somewhat surprisingly, our next set of family characteristics, parents' cognitive skills, does not matter much for sibling similarities in educational outcomes. For all outcomes considered, the explanatory power of parents' cognitive skills, as measured by the result of the 3-dimensional intelligence test the parents took part in at age 14, does not exceed 2 percent. What is the reason for this? Examining the regression results directly (Table C7) reveals that parents' scores on both the verbal and the inductive intelligence test are strong predictors of their children's educational outcomes. However, this effect almost completely vanishes once parents' socio-economic status is controlled for. Hence, parents' cognitive skills do matter for children's educational outcomes, but as their effect mainly operates through parents' socio-economic status, their additional explanatory power for the sibling correlation is negligible. A similar picture emerges when considering parents' non-cognitive skills, in our case parent's ability to plan for the future. While these factors do matter for children's outcomes as long as parents' socio-economic status is not controlled for (Table C8) , the additional explanatory power of these variables above and beyond parents' socio-economic status is small.
A factor that does seem to matter for the sibling correlation in educational outcomes is parents' educational preferences. When controlling for the educational preferences of the parents, the sibling correlation in years of education decreases by 3 percent and the sibling correlation in the completion of upper secondary education decreases by 11 percent. This suggests that parents' educational preferences exert an effect on children's educational outcomes that goes above and beyond the effect of parents' education, occupation, or income. As argued by Jaeger and Holm (2007), parents' tastes and preferences may affect children's educational attainment because the home environment acts as a "learning lab" in the development of children's educational preferences, their cognitive skills as well as their knowledge of the education system. Parents with strong preferences for education are likely to pass on to their children a preference for an academically oriented education and are more likely to possess realistic information on the strategic importance of pursuing further education, e.g., by illustrating that it is a long-term investment in educational and occupational status. This argumentation, however, is not fully supported by our results. While we find parents' educational preferences to matter for obtaining an upper secondary degree, they have no explanatory power for completing tertiary education.
Lastly, we address the aspect that more distant family members than the parents might also have an influence on children's educational outcomes and control for grandparents' socio-economic status, i.e., their education, occupation, and income. While grandparents' socio-economic status does not contribute to explaining sibling similarities in obtaining a tertiary educational degree, it explains another 7 percent of the sibling similarity in the completion of upper secondary education. This supports the results of a more recent literature (e.g., Lindahl et al., 2015) that extends the traditional two-generation model by considering three or four generations and finds a strong persistence in economic outcomes across multiple generations.
We conduct a number of sensitivity analyses to check the robustness of our results. First, there might be an issue with using principal component analyses (PCA) to convert the information included in some of the possibly correlated variables into a set of values of linearly uncorrelated variables, so-called principal components which are then included in the regressions. This has been done for the various questions asked with respect to parents' forward looking behavior (8 questions) as well as for those concerning parents' educational preferences (6 questions). Although the Kaiser-Meyer-Olkin measure of sampling adequacy exceeds 0.6 for both cases and therefore passes the critical value of 0.5, it might still be the case that the considered variables have not enough in common to warrant a PCA. In order to rule out that our results are driven by the use of PCA, we check the robustness of our results by including the actual variables instead of the principal components in our regressions. The respective results are both qualitatively and quantitatively similar.
Second, it might be a problem that only one of the parents, either the mother or the father, has participated in the DLSY survey from which most of the information on family characteristics is drawn. This is problematic if, for example, mother's skills or preferences exert a differential impact on children's outcomes than father's skills or preferences. In order to address this issue, we interact all explanatory variables obtained from the DLSY data with an indicator variable for the gender of the survey respondent. Although there are some variables for which a gender-specific impact cannot be ruled out, the basic picture, i.e., the explanatory power of these variables for the sibling correlation in educational outcomes, remains largely the same.
Lastly, we address the issue that some of the family characteristics considered, i.e., the measures of whether the child lived with both parents until the age of 16 and whether one of the parents died before the child turned 16, are not constant across siblings, but do in fact vary over the siblings within the family. Controlling for these variables could therefore increase the individual component and thus lower the sibling correlation in educational outcomes. We therefore checked the robustness of our results by conditioning these variables on the parents' instead of the children's age to hold them fixed among siblings of the same family. Again, the results are qualitatively robust to this alternative specification.
27
Our results raise some important questions: First, why are many family characteristics that theoretically influence children's educational success not able to explain the sibling similarity in educational outcomes? One explanation might be measurement error. If our measures of family characteristics are very imprecisely measured, then this might explain why they do not add much to explaining the sibling similarity in educational outcomes. Though measurement error is certainly an issue here, we argue that this cannot be the whole story. As can be seen from Tables C5 to C10, most variables do have explanatory power for children's educational outcomes. However, the explanatory power of these variables is often strongly reduced once parents' socio-economic status is controlled for. This finding is also important from a methodological point of view: By obtaining information on parents' socio-economic characteristics from the register data, we are able to measure father's and mother's education, occupation and income both very precisely and over a long period of time (1980 to 2012) . With these precise measures of parents' socio-economic status at hand, other family background characteristics, such as parents' cognitive or non-cognitive skills, do not seem to exert a huge additional influence on children's educational outcomes.
Second, our results reveal that, if anything, family characteristics beyond parents' socio-economic status are able to explain inequalities in reaching a lower educational qualification, but not in obtaining a tertiary degree. This is somewhat puzzling since the initial sibling correlation and thus the inequality in obtaining a tertiary degree is actually larger than the respective sibling correlation in obtaining an upper secondary degree. However, when we consider the factors that do actually matter for children's educational outcomes, such as whether the child grew up with both parents, parents' crime incidence as well as their welfare receipt, it is not surprising that such conditions are particularly crucial in determining whether a child pursues some further education beyond compulsory schooling or not, especially given that the completion rate of upper secondary education in Denmark is particularly high (86 percent in our sample).
Also, although our data contain comprehensive information on parents' preferences, aspirations, and skills, there are obviously some background characteristics that cannot be captured by our data. Most importantly, we might fail to capture some relevant parental non-cognitive skills, such as parents' (academic) "identity" or their knowledge 27 The results of all robustness checks are available from the authors upon request.
of specific information about the tertiary education system. Non-cognitive skills are strongly intergenerationally transmitted from the parents to their children (e.g., Anger and Schnitzlein, 2016) and have been shown to be especially important for the choice of higher education (Rustichini et al., 2016) , which might partly explain the sizable, so far unexplained, sibling correlation in tertiary educational attainment.
The Contribution of the Neighborhood
In our search for factors that are able to explain the sibling similarity in educational outcomes, we have so far focused on background characteristics of the family, broadly defined. Another hypothesis would be that it is rather neighborhood characteristics shared by siblings than family characteristics that are able to explain inequalities in educational outcomes. In order to test this hypothesis, we follow previous literature (e.g., Solon et al., 2000; Raaum et al., 2006; Lindahl, 2011; Nicoletti and Rabe, 2013) and estimate correlations in educational attainment among children growing up in the same neighborhood in order to impose a lower bound on the role of family background in determining children's outcomes.
In order to measure the neighbor correlations in educational outcomes, we estimate a model similar to Eq. (1):
where y cij is the educational outcome of individual j in family i in neighborhood c. λ is the population mean and ν cij is the residual, which can be decomposed into a neighborhood random component, u c , and an individual-specific error term, v cij . The variances of the individual and the neighborhood component can then be used to calculate the neighbor correlation in educational outcomes,
, which captures the share of the between-neighborhood variation of the overall variance in educational outcomes.
As outlined by Solon et al. (2000) , a neighbor correlation represents an upper-bound measure of the importance of the neighborhood for individuals' outcomes, as it captures both the "pure" neighborhood effect as well as an indirect effect, accruing from sorting of families into neighborhoods. As the sorting effect is assumed to be positive, the neighbor correlation as estimated from Eq. (4) represents an upper-bound measure capturing the indirect family effects as well.
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We define an individual's neighborhood in terms of where he or she lived at age 16.
28 Specifically, there are two different types of sorting, which are both assumed to positively contribute to the neighbor correlation: (i) sorting of similar families into the same neighborhood and (ii) sorting of advantaged families into advantaged neighborhoods. In order to tighten the bound of the neighbor correlation, some authors use measures of neighbor correlations that are adjusted for observed family characteristics. As our aim is to impose a lower bound on the role of the family in generating inequalities in educational outcomes, we estimate unadjusted neighbor correlations. For a formal derivation of the estimation of the neighborhood covariance, see Solon et al. (2000) .
Though this might be an imperfect measure of the neighborhood, as the family may have lived elsewhere before, data limitations preclude us from following individuals further back in time.
29 We define neighborhoods at the level of the postcode area. There are 1,029 postcode areas in Denmark, which have an average population of 5,317 individuals.
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In order to be able to compare the neighbor correlations with our previously estimated sibling correlations, we construct a neighborhood sample that resembles our sibling sample. Specifically, our neighborhood sample is comprised of all children born to the 1954 birth cohort. Moreover, we restrict the sample to individuals aged 28 to 44 in 2012, which represent the minimum and maximum ages in our sibling sample.
The estimation results are shown in Figure 2 . Though the neighbor correlations are all statistically significant, they are very small in magnitude. The neighbor correlation in years of education, for instance, amounts to 0.024 for the mixed sample, while it is slightly higher for women than for men (0.026 vs. 0.022). Considering the other outcomes, the estimated neighbor correlations are even smaller. This suggests that in Denmark, less than 3 percent of the variation in educational outcomes can be explained by neighborhood effects. This result is in line with previous literature (e.g., Raaum et al., 2006; Lindahl, 2011) , which also finds a small role for neighborhoods in explaining the sibling resemblance in educational outcomes.
Although the amount of variation explained by neighborhood correlations should exceed the explanatory power of standard regression-based neighborhood analyses (see, Page and Solon, 2003a) , we further explore an alternative approach to measuring neighborhood effects, in which we add information on local neighborhood characteristics to our sibling estimates. First, we add information on population density, average years of education, the local unemployment rate, as well as the share of immigrants in the postcode area to our model. The results reveal that local neighborhood characteristics have hardly any explanatory power for sibling similarities in educational outcomes. As the choice of neighborhood variables is of course to some extent arbitrary, we next add postcodearea fixed effects to our sibling estimates. Again, the estimated sibling correlations in educational attainment remain largely unchanged. Lastly, we follow the argument of Raaum et al. (2006) that it might rather be regional characteristics than local conditions that affect children's outcomes and add municipality fixed effects to our sibling estimates. In this way, we should capture all of the variation in siblings' educational outcomes that is explained by the region in which they spent their childhood. Again, our estimated sibling correlations remain largely unchanged.
31 Hence, our conclusion that neighborhoods play a 29 However, previous research has shown that even when families move, the neighborhoods to which they move are usually similar to the ones from where they move (Kunz et al., 2003) . We thus assume that the neighborhood at age 16 is a good proxy for the neighborhood environment the children grew up in. 30 The numbers refer to the year 2012. In 2007, Denmark underwent a local government reform, which involved a complete reorganization of municipalities and also led to a change in postcodes. We therefore use the postcode areas as defined after 2007, even if observing individuals before 2007.
31 All estimation results are available from the authors upon request.
minor role in explaining sibling similarities in educational outcomes remains.
Conclusion
In this paper, we analyze the correlation in educational outcomes among siblings in Denmark. A sibling correlation captures everything that is shared by siblings and can thus be thought of as an omnibus measure of the importance of family and community background for individuals' outcomes. Our main contribution to previous literature is that we do not only determine the extent of the sibling similarity in educational attainment, but further aim at identifying the determinants of educational inequalities across families. For a sample of children born to participants in a Danish long-term study, which constitutes a representative sample of all 7th graders in 1968, we find sibling correlations in educational outcomes in the range of 15 to 33 percent, suggesting that up to a third of the variation in these outcomes can be explained by family and community background. Hence, even in a highly egalitarian country such as Denmark, inequalities in educational attainment do exist.
For both brothers and sisters, we find family background to be more important for obtaining a tertiary educational degree than for obtaining an upper secondary degree, which suggests that educational inequality is higher at the top of the educational distribution. This result points to the possible existence of a "glass-ceiling effect" for children from disadvantaged families. While the Danish welfare state, with its universal system of publicly provided daycare for pre-school children, is able to mitigate inequalities in children's skills and schooling outcomes early in life, it seems less successful in removing existing barriers to pursue tertiary education for children from disadvantaged families. If the general political aim is to reduce educational inequality, promoting higher education for less advantaged children thus seems to be of particular importance.
A decomposition of the sibling correlation reveals that parents' socio-economic status, i.e., their education, occupation and income, is the main determinant of sibling similarities in educational outcomes. Non-economic factors such as family structure, the incidence of social problems, or parents' educational preferences are able to explain an additional part of the sibling correlation. Overall, these family characteristics have much more explanatory power for sibling similarities in obtaining an upper secondary degree than for sibling similarities in obtaining a tertiary degree. Parents' cognitive skills, the socio-economic background of the grandparents as well as neighborhood characteristics, in contrast, seem to be of minor relevance for explaining inequalities in educational outcomes. Hence, a large part of the educational inequality, especially of the inequality in completing higher education, remains unexplained by observable characteristics.
What is it then that explains the remaining parts of the sibling correlations in educational outcomes? Even though we cannot provide direct evidence for this, our interpretation 20 is that there exist some unobservable non-cognitive skills of the parents, as for example their (academic) "identity" or their knowledge of specific information about the tertiary education system, that cannot be captured by our data. Such skills have been shown to be especially important for the choice of tertiary education (Rustichini et al., 2016) and may thus explain the large sibling resemblance in higher levels of education. This interpretation is in line with the findings of Landersø and Heckman (2016) , who show that both in Denmark and in the US, the relationship between parental resources and children's education is to a large degree mediated by levels of cognitive and non-cognitive skills at earlier ages, and that this relationship is more pronounced for children's college attendance than for their high-school completion. If it is rather non-cognitive skills, transmitted from the parents to their children, than parental resources that contribute to the high sibling correlation in higher levels of education, then this might explain why in Denmark, despite its generous welfare state, including free college tuition, sizeable inequalities in tertiary educational attainment still exist.
Lastly, it is important to point to some limitations of our approach. First, our results are purely descriptive and cannot be interpreted causally. It is a major challenge for future research to obtain causal inference on which family background characteristics are important for children's outcomes and to which extent these factors violate equality norms. Second, our analysis has been primarily empirical. As already noted by Björklund and Jäntti (2012) , the search for factors that explain sibling similarities in economic outcomes should ideally be guided by an all-encompassing theoretical model. While the standard Becker-Tomes model (Becker and Tomes, 1979, 1986 ) provides a theoretical model of the causal effect of parental income on offspring's outcomes, the literature on sibling correlations would clearly benefit from a broader theoretical framework that explains how family and community factors interact to influence children's outcomes.
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Appendix A The Danish Institutional Setting and Educational System
As the other Scandinavian countries, Denmark started already in the 1960s to build up the "Scandinavian Welfare State" which is characterized by a large redistribution of income via a high tax pressure 32 as well as means-tested income transfers. Besides, Denmark has one of the highest coverage rates of publicly provided day care for pre-school children worldwide, and the quality of public childcare is relatively high (see Datta Gupta et al., 2008) . Childcare is highly subsidized by the public and for low-income families it is virtually for free. The public school system is also widely free and among the most expensive in the world (see OECD, 2013). In 1968, when the parental generation considered in our analysis attended the 7th grade of elementary school, compulsory school in Denmark started at the age of 6 or 7 and included 7 years of compulsory schooling. In 1972, compulsory schooling was extended to 9 years by adding two extra compulsory grades, grades 8 and 9. In 2009, the former "kindergarten grade" or "grade 0" for children aged 5-6 years was made compulsory. Since the sample of children considered in this study is restricted to those born between 1968 and 1984, these children were subject to 9 years of compulsory schooling. There is no tracking in the compulsory school system in Denmark, i.e., up to the age of 15-16 years all children attend the same schools. After grades 0 to 9, the pupils have the options of 1 extra year at school (grade 10), to enroll at upper secondary education (high school or a vocational education), which typically takes 3 years, or to leave the formal educational system without any education. After upper secondary education, the students may enroll in a tertiary education at a university or a university college. A completed tertiary education takes between 2 and 6 years (for instance, 2 years for a laboratory technician, 4 years for a school teacher or nurse and 5-6 years for a master's degree at university level). Finally, on top of a university bachelor's or master's degree, the students may complete a PhD degree. This means that the total number of years of formal education for our sample of siblings may vary from 9 years to 9+3+6+3=21 years. Of course many students do not complete their formal education within the "standard" number of years, i.e., it may take more than 21 years to complete a PhD degree.
There are no fees in the Danish educational system, including all universities, except for MBA programs, etc. Students have to pay for their books and other costs related to studying. However, they are also entitled to fairly generous student grants and loans. According to the OECD, Denmark has one of the most generous student grants in the world (OECD, 2013) . The student grant system was introduced in 1970 and has since then been extended and become more generous several times.
Appendix B Test of Sample Selectivity and Descriptive Statistics
As mentioned in Section 4.1, there is a concern because our sample of children is not representative of the Danish population. While we are not able to determine the direction of potential bias in our sibling estimates, we aim to assess the extent of selectivity in our estimation sample by comparing our sibling sample to a representative sample of children that is not born to a specific birth cohort. In particular, we define a sample that is in the same age range as our sibling sample, whereas the age range is defined by the median age in our sibling sample (i.e., age 32) +/-4 years. For the resulting sample, which is a representative sample of the 1976 to 1984 birth cohort, we calculate the same descriptive statistics as in Table B1 . As can be seen from Table B2 , the two samples are largely similar with respect to their observable characteristics. As expected, there is a small difference in the mean birth order between the two samples, which amounts to 1.78 in the representative sample as compared to 1.43 in our sibling sample. This sort of selectivity, however, does not translate into differences between siblings' educational outcomes. An exception is the percentage of brothers holding a tertiary education degree, which is about 4 percentage points higher in the representative sample than in our sibling sample (0.35 vs. 0.31). Hence, our sample might be slightly negatively selected with respect to the tertiary educational attainment of men (though the difference in mean values between the samples is not statistically significant). Considering the characteristics of the siblings' parents, we find hardly any differences between the two samples. This makes us confident that, though our sample is not representative of the Danish population, selectivity is not a major concern in our analysis. 
